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MONITORING AND COMPENSATING FOR 
REAL TIME LOCAL CIRCUIT SPEED IN AN 

INTEGRATED CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application claims bene?t of earlier ?led 
provisional patent application, US. Application No. 60/656, 
964, ?led on Feb. 28, 2005, and entitled “PVT Monitor for 
Real Time Local Silicon Speed Measurement,” Which is 
hereby incorporated by reference as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to integrated cir 

cuits, and more particularly, to monitoring circuit perfor 
mance variations that may arise from variations in any one 
or more of manufacturing process, temperature or voltage. 

2. Description of the Related Art 
Variations in process, temperature and voltage (PVT) can 

in?uence the performance of an integrated circuit. For 
example, ?uctuations in semiconductor manufacturing pro 
cesses can result in variations in gate oxide thickness and 
doping concentrations, Which can change transistor thresh 
old voltage. Moreover, the mobility of charge carriers and 
the threshold voltage may vary With temperature. Thus, 
there has been a need to monitor and compensate for PVT 
induced variations in integrated circuit performance. 

There are many prior approaches to monitoring and 
compensating for PVT variations. For instance, ring oscil 
lators have been used to measure the number of ring 
oscillator cycles during a number of reference clock cycles. 
Aring oscillator may serve as a useful reference circuit since 
PVT variations ordinarily Will in?uence its oscillation fre 
quency. PVT induced changes in the ring oscillator fre 
quency typically are indicative of PVT induced changes in 
the performance of other circuit components located on the 
same semiconductor chip. Also, some other prior approaches 
to PVT monitoring involved analogue measurement tech 
niques. 

While these past techniques for monitoring and compen 
sating for PVT related variations in circuit performance 
generally have been acceptable, there has been a need for 
improvement. For example, there has been a need for a 
compact monitoring circuit that can provide an improved 
indication of the impact of PVT variations upon circuit 
performance over a Wide range of reference frequencies, on 
an measurement scale that is independent of reference 
frequency. The present invention meets this need. 

SUMMARY OF THE INVENTION 

One aspect of the invention includes an integrated circuit 
that includes a ?rst counter, a second counter and a variable 
oscillator. The variable oscillator has an oscillation time 
period that varies Within an expected range With variations 
in one or more of process, voltage or temperature. In one 
embodiment, the variable oscillator is provides a signal that 
causes a count of the ?rst counter to change at rate propor 
tional to an oscillation frequency of the variable oscillator. 
The second counter receives a prescribed clock signal that 
has a prescribed oscillation time period that substantially 
does not vary With variations in one or more of process, time 
or voltage. The prescribed clock signal causes a count of the 
second counter to change at a rate proportional to the 
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2 
prescribed oscillation frequency. The second counter is 
operable to start a count from a start value and to count 

during a time interval during Which the ?rst counter counts 
a reference count interval. The start count value and the 
reference count interval are selected such that the second 
counter produces a count value indicative of variable oscil 
lator speed at or about the moment When the count of the ?rst 
counter ?nishes counting the reference count interval. 

In another aspect of the invention, a method of monitoring 
performance of an integrated circuit includes the step of, 
setting a second counter to a start count value. A variable 
oscillator that has an oscillation time period that varies 
Within an expected range With variations in one or more of 

process, voltage or temperature is used to provide a signal 
that causes a count of a ?rst counter to change at rate 

proportional to an oscillation frequency of the variable 
oscillator. A reference clock source that has a frequency that 
substantially does not vary With variations in one or more of 
process, time or voltage is used to cause a count ofa second 

counter to change, starting at the start value, at rate propor 
tional to an oscillation frequency of the reference clock 
source. A determination is made as to When the ?rst counter 
has counted a reference count interval. The start count value 
and the reference count interval are selected such that the 
second counter produces a count value indicative of variable 
oscillator speed at or about the moment When the count of 
the ?rst counter ?nishes counting the reference count inter 
val. 

One embodiment of the invention includes ?rst and 
second counters that serve as ?rst and second means for 

counting. A ring oscillator serves as reference means for 
producing a reference oscillation signal that has a reference 
oscillation time period that varies Within an expected range 
With variations in one or more of process, voltage or 
temperature. The ring oscillator causes the ?rst counter to 
count in response to the reference oscillation signal. A clock 
terminal serves as a clock signal receiving means for receiv 
ing a clock signal that has an oscillation time period that 
substantially does not vary With variations in one or more of 
process, voltage or temperature. The clock terminal causes 
the second counter to count, starting from a start count value, 
in response to the clock signal. Control circuitry serves as 
control means for setting the start count value of the second 
means for counting, and also for causing the second counter 
to start to count at or about the moment When the ?rst 
counter starts to count the reference count interval. In 
addition, the control circuitry in conjunction With a com 
parator circuit causes the second counter to stop counting at 
or about the moment When the comparator circuit deter 
mines that the ?rst counter has counted a reference count 
interval. 

In one embodiment, a start value is selected that is 
indicative of a product of variable oscillator time period at 
or about one end of the variable oscillator time period range, 
a scaling factor and a reciprocal of a variable oscillator 
oscillation time period range. The reference count interval is 
selected to have a value that is indicative of a product of 
clock period of the received clock signal, the scaling factor 
and the reciprocal of a variable oscillator oscillation time 
period range. 

Thus, a monitor circuit and an associated method in 
accordance With an embodiment of the invention provide a 
measure of local circuit speed on a substantially ?xed scale 
relative to frequency range of a variable oscillator regardless 
of a frequency of a reference signal. These and other features 



US 7,348,857 B1 
3 

and advantages Will become apparent from the following 
detailed description in conjunction With the appended draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustrative block diagram of local circuit 
speed monitor circuitry in accordance With an embodiment 
of the invention. 

FIG. 2 is an illustrative timing diagram that explains the 
operation of the speed monitor circuit of FIG. 1. 

FIG. 3 is a generaliZed block diagram of an integrated 
circuit (IC) that includes several speed monitor circuits of 
the general type shoWn in FIG. 1, providing speed compen 
sation signals to other circuit components on the IC. 

FIG. 4 is an illustrative ?oW diagram of a method of 
monitoring integrated circuit performance in accordance 
With an embodiment of the invention. 

FIG. 5 is an illustrative block diagram of a hard disk drive 
(HDD) system that includes performance monitoring cir 
cuitry in accordance With an embodiment of the invention. 

FIG. 6 is an illustrative block diagram of a cellular phone 
system that includes performance monitoring circuitry in 
accordance With an embodiment of the invention. 

FIG. 7 is an illustrative block diagram of a media player 
that includes performance monitor circuitry in accordance 
With an embodiment of the invention. 

FIG. 8 is an illustrative block diagram of a digital versatile 
disk (DVD) drive that includes performance monitor cir 
cuitry in accordance With an embodiment of the invention. 

FIG. 9 is an illustrative block diagram of a high de?nition 
television (HDTB) that includes performance monitor cir 
cuitry in accordance With an embodiment of the invention. 

FIG. 10 is an illustrative block diagram of vehicle control 
systems that includes performance monitor circuitry in 
accordance With an embodiment of the invention. 

FIG. 11 is an illustrative block diagram of a set top box 
that includes performance monitor circuitry in accordance 
With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The folloWing description is presented to enable any 
person skilled in the art to make and use a novel local circuit 
speed monitor for use in an integrated circuit device and 
related methods accordance With the an embodiment of the 
invention, and is provided in the context of particular 
applications and their requirements. Various modi?cations 
to the preferred embodiments Will be readily apparent to 
those skilled in the art, and the generic principles de?ned 
herein may be applied to other embodiments and applica 
tions Without departing from the spirit and scope of the 
invention. Moreover, in the folloWing description, numerous 
details are set forth for the purpose of explanation. HoWever, 
one of ordinary skill in the art Will realiZe that the invention 
might be practiced Without the use of these speci?c details. 
In other instances, Well-knoWn structures and devices are 
shoWn in block diagram form in order not to obscure the 
description of the invention With unnecessary detail. Thus, 
the present invention is not intended to be limited to the 
embodiments shoWn, but is to be accorded the Widest scope 
consistent With the principles and features disclosed herein. 

FIG. 1 is an illustrative block diagram of local circuit 
speed monitor circuitry 10 in accordance With an embodi 
ment of the invention. A variable oscillator 12 provides an 
output signal to a variable oscillator clock counter circuit 14. 
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4 
A system clock counter circuit 16 provides a system clock 
count signal to output circuit 18. In one embodiment, the 
system clock serves as a reference clock. A comparator 
circuit 20 is compares a count signal provided by the 
variable oscillator clock counter circuit 14 With a signal 
representing reference count value, R, on line 22. A control 
circuit 24 is controls the operation of the variable oscillator 
12, reference clock counter 14, system clock counter 16 and 
output circuit 18. A system clock signal, SC, is provided via 
clock terminal 25 to each of the control circuit 24, system 
clock counter circuit 16 and output circuit 18. 

In one embodiment, the variable oscillator 12 comprises 
a ring oscillator. A ring oscillator in its simplest form 
consists of an odd number of inverters connected in a 
circular chain. The circuit oscillates since it has no stable 
operation point. Ring oscillator frequency is determined by 
propagation delay through its chain of inverters. 
The variable oscillator 12 is operable to provide a refer 

ence count changing signal via line 26 to the variable 
oscillator clock counter circuit 14. Since the variable oscil 
lator 12 in a present embodiment comprises a ring oscillator, 
an output of the last inverter in the ring oscillator chain (not 
shoWn) provides via line 26 to an input of the variable 
oscillator clock counter circuit 14. Each time a signal 
completes its propagation through the entire chain of invert 
ers in the ring oscillator, the output of the last inverter in the 
chain changes state of the count changing signal on line 26, 
and this state transition causes the counter circuit 14 to 
increment (or decrement depending upon the implementa 
tion) its count. The reference counter circuit 14 provides on 
line 28 count signal that is indicative of the number of 
oscillations of the variable oscillator 12, Which is a ring 
oscillator in one embodiment counted by the counter circuit 
14 during a prescribed reference interval. 

Performance of the variable oscillator 12, as measured in 
terms of its operating frequency, depends upon factors such 
as one or more of, variations in temperature of the semi 
conductor chip in Which the oscillator is disposed, devia 
tions in voltage levels and ?uctuations in semiconductor 
manufacturing processes used to produce the oscillator. 
Monitoring the oscillation frequency of the variable oscil 
lator 12, therefore, serves as a mechanism to monitor the 
effects of PVT variations upon its performance. Since other 
circuit elements in the vicinity of the variable oscillator 12 
are likely to experience the same PVT variations as the 
variable oscillator 12, the performance of the variable oscil 
lator is indicative of the performance of other circuit ele 
ments nearby the variable oscillator 12. 

Variations in process, voltage or temperature may be local 
in nature. For instance, circuitry in one region of an inte 
grated circuit (IC) may be heated to a different temperature 
level than circuitry in a different region of the same IC. 
Alternatively, for example, due to ?uctuations in manufac 
turing processes, oxide thicknesses and doping concentra 
tions of transistors in one part of an IC may be different from 
oxide thicknesses and doping concentrations of transistors 
on another part of the same IC, even though the transistors 
on the different parts of the same circuit Were designed to be 
identical. Thus, changes in the performance of the variable 
oscillator 12 due to PVT variations generally are indicative 
of changes in the performance of other circuit elements 
disposed nearby, in the same region of the IC as the variable 
oscillator 12. 

In one embodiment, actual variable oscillator perfor 
mance under actual PVT conditions, is determined by com 
paring variable oscillator frequency under such conditions 
With a knoWn reference signal frequency so as to produce a 
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comparison result that represents actual variable oscillator 
performance relative to expected variable oscillator perfor 
mance over a range of PVT conditions. The comparison 
result is indicative of local circuit speed. Thus, the compari 
son result can be used as a basis for producing a signal 
causing nearby local circuit elements to compensate for 
variations in circuit speed. The manner of determining the 
expected oscillator performance over a range of PVT con 
ditions is not a part of the invention and Will be readily 
understood by persons of ordinary skill in the art. For 
instance, one approach to determining the expected variable 
oscillator performance over a range of conditions is to 
simulate the oscillator in both ends of extreme conditions 
using an appropriate circuit simulator such as SPICE. Alter 
natively, for example, another approach to determining the 
expected variable oscillator performance is to measure oscil 
lator performance on actual silicon chips pushed to extreme 
conditions. 

More speci?cally, in one embodiment a range of expected 
variable oscillator performance is speci?ed in terms of Worst 
corner PVT conditions, (i.e. sloW process, loW voltage, high 
temperature) and best corner PVT conditions (i.e., fast 
process, high voltage, loW temperature). In one embodiment, 
a sloWest (i.e. longest) expected oscillation time period, TS, 
is de?ned for the Worst comer, and a fastest (i.e. shortest) 
expected oscillation time period, TF, is de?ned for the best 
corner. Thus, under the Worst case (i.e., sloWest) PVT 
conditions, it is expected that the variable oscillator 12 Will 
have an oscillation period of TS, and under the best case 
(i.e., fastest) PVT conditions, it is expected that the variable 
oscillator Will have an oscillation period of TF. Thus, the 
Worst case and best case oscillation time periods TS and TF 
de?ne a range of variable oscillator performance across a 
range of PVT conditions. Of course, conversely, the longest 
expected oscillation time period, TS, corresponds to the 
loWest oscillation frequency, l/ TS, and the shortest expected 
oscillation time period, TF, corresponds to the loWest oscil 
lation frequency, l/TF. 

In one embodiment, the comparator 20 is used to compare 
a variable oscillator frequency With a knoWn reference 
frequency by comparing a reference count value indicative 
of a knoWn frequency With a variable oscillator count value. 
The system clock counter 16 keeps track of the number of 
system clock, SC, counts elapsed at the moment a value 
output by the reference clock counter 14 matches a count 
produced by the reference clock counter 14 input 22. The 
number of elapsed system clock counts is indicative of the 
performance (i.e. actual oscillation frequency) of the vari 
able oscillator 12. Moreover, the system clock counter 16 
starts its count at a value selected such that, at the variable 
oscillator count value at Which the ring clock counter count 
matches the reference value, R, on line 22, the count value 
provided by the system clock counter 16 represents a scalar 
value that is indicative of the speed of operation of the 
variable oscillator 12 relative to the variable oscillator 
frequency range betWeen Worst case and best case corners. 

In one embodiment, a reference count interval is set at a 
reference value R Which is, 

cycle 

The value S is a scaling factor, and Tcyde, is a system 
clock (SC) oscillation period. In one embodiment, circuit 
speed is measured on a 0 to S scale. The value is selected, 
for example, to establish the level of accuracy or granularity 
of a measure of circuit speed produced by the monitor circuit 
10. 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
The system clock may be the clock used to set the overall 

frequency of operation of an integrated circuit on Which the 
monitor circuitry 10 is disposed. In one embodiment, the 
system clock frequency may be preset at any of multiple 
operating frequencies such that it has a knoWn time period 
(and frequency). Moreover, in one embodiment, unlike the 
variable oscillator, once the system clock is set, it remains 
substantially ?xed at its set operating point despite PVT 
variations. 
The starting count value in the system clock counter 16 is, 

FIG. 2 is an illustrative timing diagram that explains the 
operation of the monitor circuit 10 of FIG. 1. During time 
interval T1 to T2, the control circuit 24 provides a CLEAR 
signal on line 30 that clears the count value in the variable 
oscillator counter circuit 14 to Zero (0). Also during time 
interval T1 to T2, the control circuit provides a PRESET 
signal on line 32 that presets a value in the system clock 
counter 16 to the starting count value, (S/ T S~TF)T S. At time 
T3, the control circuit 12 produces on line 34 an ENABLE 
VARIABLE OSCILLATOR signal value that causes the 
variable oscillator 12 to oscillate. At time T4, a reference 
value R:(S/TS~TF)TcycZe is provided via a source on chip 
programmable con?guration mechanism such as a register 
?le. In one embodiment, the reference value R can be 
determined once the system clock cycle time is knoWn, it 
can be ?xed at all times thereafter, not just at time T4 on line 
22. The application of the reference value R on line 22 
causes the comparator 20 to produce on line 36, a value 
indicating that the value on line 22 does not match the count 
value provided by the reference clock counter on line 14. A 
no-match signal produced by the comparator 20 on line 36, 
at time T4, serves as an ENABLE REFERENCE 
COUNTER signal that causes the reference clock counter to 
begin to count up in response to variable oscillator oscilla 
tions, from Zero (0). The rate at Which the reference clock 
counter 14 counts is proportionate to the oscillation rate of 
the variable oscillator 12 under Whatever PVT conditions 
may exist at the time. The no-match signal produced by 
comparator 20 on line 36 at time T4 also causes the control 
circuit 24 to substantially simultaneously provide an 
ENABLE SYSTEM CLOCK COUNTER signal value on 
line 38, that causes the system clock counter 16 to begin to 
count doWn from the starting count value in response to the 
system clock, SC signal. The rate at Which the system clock 
counter 16 counts is proportionate to the system clock rate, 
l/Tcyde, Which is substantially ?xed despite possible varia 
tions in PVT conditions. 
When the reference clock counter has counted a reference 

count interval spanning from 0 to R, the system clock 
counter Will have a value indicative of circuit speed. More 
speci?cally, at time T5, When a count value provided by the 
reference clock counter 14 on line 28 matches the reference 
value R provided on line 22, the comparator produces on 
line 36 a value indicating that the value on line 22 does 
match the count value provided by the reference clock 
counter on line 14. When the count on line 28 matches R on 
line 22 the ENABLE REFERENCE COUNTER signal on 
line 36 changes to a value that causes the variable oscillator 
counter 14 to stop counting. The changed value of the 
ENABLE REFERENCE COUNTER signal on line 36 also 
causes the control circuit 24 to substantially simultaneously 
provide a ENABLE SYSTEM CLOCK COUNTER signal 
value on line 38 that causes the system clock counter 16 to 
stop counting and to provide on line 34 a signal that causes 
the variable oscillator 12 to stop oscillating. 
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At time T5, Which the approximate moment When the 
reference counter 14 completes the reference count interval, 
and a reference clock count on line 28 ?rst matches the 
reference value R on line 22, the count value in the system 
clock counter 16 represents circuit speed (SP) as, 

The value, T A, represents the actual variable oscillator 
time period, Which is indicative of the actual performance, 
of the variable oscillator 12 under current PVT conditions, 
Which is in turn, is indicative of circuit speed in the region 
of the monitor circuit 10. 

During time T6 to T7, the control circuit 24 provides an 
ENABLE SAMPLE signal value on line 40 that causes the 
output circuit 18 to input from line 42 a circuit speed value 
SP provided by the system clock counter 18. The circuit 
speed value SP is provided as an output signal by the output 
circuit 18 on line 44. In one embodiment, the output circuit 
18 is a latch circuit, Which can temporarily store the speed 
value. 

It Will be appreciated that the reciprocal of the variable 
oscillator performance range l/(TS— F) in essence serves as 
a proportionality factor that correlates the actual variable 
oscillator performance (measured in terms of TS— A) under 
given PVT conditions to the scale S. For example if the 
variable oscillator 12 is operating at the Worst comer, T AITS, 
then the proportionality factor Will be (TS~TS)/(TS—TF)):0, 
and the circuit speed SP Will be 0. Alternatively, for 
example, if the variable oscillator 12 is operating at the best 
corner, T AITF, then the proportionality factor Will be (TS 
TF)/(TS~TF)):l, and the circuit speed SP as scaled by S, Will 
be S. Thus, a circuit speed value SP produced by the system 
clock counter 16 varies betWeen 0 and S, depending upon 
the actual time period T A of the variable oscillator 12 (or 
conversely its actual frequency of operational l/TA). 

Thus, in one embodiment, circuit speed, SP, is measured 
on a linear scale from 0 to S. The scale value S may be 
selected based upon desired accuracy or granularity of 
circuit speed measurement. Moreover, the speed value SP is 
determined relative to a selected clock time period, Tcycle 
(and conversely its frequency) that is substantially invariant 
in the face of changes in PVT conditions, and therefore, the 
scale S is independent of the actual clock time period of the 
selected clock time period. In other Words, the same scale 0 
to S applies regardless of the system clock frequency setting. 
That is to say, the scale applies regardless of system clock 
frequency because the reference value removes the depen 
dence upon this frequency. Thus, the circuit speed, SP, 
represents the speed of the variable oscillator 12 relative to 
a predetermined range of oscillation frequencies, regardless 
of the frequency of the reference system clock. In one 
embodiment, the range affects the initial value of the system 
clock counter and the reference value. Therefore, the dis 
closed embodiment is operable over a Wide range of system 
clock frequencies, although different reference values typi 
cally Would be provided on line 22 for different system clock 
frequencies. 

FIG. 3 is a generaliZed block diagram of an integrated 
circuit 50 that includes ?rst, second and third monitor 
circuits 52, 54 and 56 provide circuit speed signals indica 
tive of circuit speed at different location on the IC 50. This 
draWing is provided to illustrate the use of monitor circuits 
distributed about an IC to monitor the effects of PVT 
variations at different circuit locations and to provide cor 
responding circuit speed compensation signals to adjacent 
circuit components. The overall functionality of the IC 50 is 
irrelevant to the invention. The example IC 50 includes ?rst 
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8 
and second logic blocks 58 and 60 and includes memory 
block 62. The IC also includes a delay line circuit 64 and I/O 
circuit 66. The ?rst monitor circuit 52 is disposed adjacent 
the I/O circuit 66 and provides on line 68 a circuit speed 
signal that can be used, for example, to calibrate output 
buffers for drive impedance matching Within the I/O circuit 
66. The second monitor circuit 54 is disposed adjacent on the 
IC 50 and provides on external line 70 a circuit speed signal 
indicative of the circuit speed in the vicinity of the second 
monitor circuit 54. The third monitor circuit 56 is disposed 
adjacent the delay line circuit 64 and provides on line 72 a 
circuit speed signal that can be used to continuously adjust 
circuit delay of signals communicated betWeen the ?rst and 
second logic blocks 58, 60. 

FIG. 4 is an illustrative ?oW diagram 400 of a method of 
monitoring integrated circuit performance in accordance 
With an embodiment of the invention. In step 402 a variable 
oscillator 12 that has an oscillation time period that varies 
Within an expected range With variations in one or more of 

process, voltage or temperature provides a signal that causes 
a count of the reference counter 14 to count a reference clock 

interval at rate a proportional to an oscillation frequency of 
the variable oscillator 12. In step 404, a system clock source 
that has a frequency that substantially does not vary With 
variations in one or more of process, time or voltage causes 
a count of a system clock counter 16 counter to change, 
starting at a start value, at rate proportional to an oscillation 
frequency of the clock source. 

The counts in steps 402 and 404 start substantially simul 
taneously. Thus, While the reference counter 14 counts a 
reference count interval, the system counter 16 counts 
beginning from the start count. The rate at Which the 
reference counter 14 counts depends upon PVT factors, but 
the rate at Which the system counter 16 counts does not 
depend upon PVT factors. 

In decision step 406 for each count of the reference 
counter 14, a determination is made as to Whether the 
reference counter 14 has counted a reference count interval. 
If a determination is made in decision step 406 that the 
reference counter 14 has not yet counted a reference count 
interval, then the system counter 16 continues to count, and 
the decision step monitors the next count of the reference 
counter 14. If on the other hand, a determination is made in 
decision step 406 that the reference counter 14 has counted 
a reference count interval, then in step 408, the count of the 
system counter 16, at or about the moment the reference 
counter 14 completes the reference count interval, is cap 
tured for provision to an output circuit 18. In one embodi 
ment, the start value and the reference count interval are 
selected so that a count value produced by the system 
counter 16 produces a value indicative of variable oscillator 
speed at or about the moment When the count of the 
reference counter 14 ?nishes counting the reference count 
interval. Thus, the captured count represents circuit “speed” 
(SP). 

FIG. 5 is an illustrative block diagram of a hard disk drive 
(HDD) system 500 that includes performance monitoring 
circuitry in accordance With an embodiment of the inven 
tion. Performance monitor circuitry (not shoWn) may be 
included in either or both signal processing and/or control 
circuitry 521. FIG. 3 illustrates example of uses of perfor 
mance monitoring circuitry applicable to the control cir 
cuitry 521. In some implementations, the signal processing 
and/or control circuitry 521 and/or other circuits (not shoWn) 
in the disk drive may process data, perform coding and/or 
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encryption, perform calculations, and/or format data that is 
output to and/ or received from a (magnetic) storage medium 
533. 

The disk drive may communicate With a host device 523 
such as a computer, mobile computing devices such as 
personal digital assistants, cellular phones, media or MP3 
players and the like, and/or other devices via one or more 
Wired or Wireless communication links. The disk drive may 
be connected to memory 529 such as random access 
memory (RAM), loW latency nonvolatile memory such as 
?ash memory, read only memory (ROM) and/or other suit 
able electronic data storage. Moreover, the signal processing 
and/ or control circuits 521 may be implemented as a system 
on-chip (SOC), and the memory 529 may be disposed on or 
off such SOC. 

FIG. 6 is an illustrative block diagram of a cellular phone 
system 650 that includes performance monitoring circuitry 
in accordance With an embodiment of the invention. The 
cellular phone 650 includes a cellular antenna 651. Signal 
processing and/or control circuits 652 communicate With a 
WLAN interface and/or memory 666 or mass data storage 
664 of the cellular phone 650. In some implementations, the 
cellular phone 650 includes a microphone 656, an audio 
output 658 such as a speaker and/or audio output jack, a 
display 660 and/or an input device 662 such as a keypad, 
pointing device, voice actuation and/or other input device. 
The control circuitry 652 includes performance monitoring 
circuitry (not shoWn). FIG. 3 illustrates example of uses of 
performance monitoring circuitry applicable to the control 
circuitry 652. The signal processing and/or control circuits 
652 and/or other circuits (not shoWn) in the cellular phone 
650 may process data, perform coding and/or encryption, 
perform calculations, format data and/or perform other cel 
lular phone functions. 
More particularly, the cellular phone 650 may communi 

cate With mass data storage 664 that stores data in a 
nonvolatile manner such as optical and/or magnetic storage 
devices for example hard disk drives (HDD) and/or DVDs. 
At least one HDD may have the con?guration shoWn in FIG. 
5 and/or at least one DVD player may have the general 
con?guration shoWn in FIG. 5. The HDD may be a mini 
HDD that includes one or more platters having a diameter 
that is smaller than approximately 1.8". The cellular phone 
650 may be connected to memory 666 such as RAM, ROM, 
loW latency nonvolatile memory such as ?ash memory 
and/or other suitable electronic data storage. The cellular 
phone 650 also may support connections With a WLAN via 
a WLAN netWork interface 668. 

FIG. 7 is an illustrative block diagram of a media player 
700 that includes performance monitor circuitry in accor 
dance With an embodiment of the invention. In one embodi 
ment the media player may comprise an MP3 player, for 
example. The media player 700 may communicate With 
mass data storage 710 that stores data such as compressed 
audio and/ or video content in a nonvolatile manner. In some 
implementations, the compressed audio ?les include ?les 
that are compliant With MP3 format or other suitable com 
pressed audio and/or video formats. The mass data storage 
may include optical and/or magnetic storage devices for 
example hard disk drives HDD and/or DVDs. At least one 
HDD may have the con?guration shoWn in FIG. 5 and/or at 
least one DVD may have the general con?guration shoWn in 
FIG. 5. The HDD may be a mini HDD that includes one or 
more platters having a diameter that is smaller than approxi 
mately 1.8". The media player 700 may be connected to 
memory 714 such as RAM, ROM, loW latency nonvolatile 
memory such as ?ash memory and/or other suitable elec 
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tronic data storage. The media player 700 also may support 
connections With a WLAN via a WLAN netWork interface 
716. Still other implementations in addition to those 
described above are contemplated. 

Signal processing and/or control circuits 704 communi 
cate With a WLAN interface 716 and/or mass data storage 
710 and/or memory 714 of the media player 700. The control 
circuitry 704 includes performance monitoring circuitry (not 
shoWn). FIG. 3 illustrates example of uses of performance 
monitoring circuitry applicable to the control circuitry 704. 
In some implementations, the media player 700 includes a 
display 707 and/or a user input 708 such as a keypad, 
touchpad and the like. In some implementations, the media 
player 700 may employ a graphical user interface (GUI) that 
typically employs menus, drop doWn menus, icons and/or a 
point-and-click interface via the display 707 and/or user 
input 708. The media player 700 further includes an audio 
output 709 such as a speaker and/or audio output jack. The 
signal processing and/or control circuits 704 and/or other 
circuits (not shoWn) of the media player 700 may process 
data, perform coding and/or encryption, perform calcula 
tions, format data and/or perform any other media player 
function. 

FIG. 8 is an illustrative block diagram of a digital versatile 
disk (DVD) drive 800 that includes performance monitor 
circuitry in accordance With an embodiment of the inven 
tion. The performance monitor circuitry may be imple 
mented in either or both signal processing and/or control 
circuits, 812, mass data storage 818 and/or a poWer supply 
813. The signal processing and/or control circuit 812 and/or 
other circuits (not shoWn) in the DVD 800 may process data, 
perform coding and/or encryption, perform calculations, 
and/ or format data that is read from and/ or data Written to an 
optical storage medium 816. In some implementations, the 
signal processing and/or control circuit 812 and/or other 
circuits (not shoWn) in the DVD 800 can also perform other 
functions such as encoding and/ or decoding and/or any other 
signal processing functions associated With a DVD drive. 
The DVD drive 800 may communicate With an output 

device (not shoWn) such as a computer, television or other 
device via one or more Wired or Wireless communication 
links 817. The DVD 800 may communicate With mass data 
storage 818 that stores data in a nonvolatile manner. The 
mass data storage 818 may include a hard disk drive (HDD). 
The HDD may have the con?guration shoWn in FIG. 5. The 
HDD may be a mini HDD that includes one or more platters 
having a diameter that is smaller than approximately 1.8". 
The DVD 800 may be connected to memory 819 such as 
RAM, ROM, loW latency nonvolatile memory such as ?ash 
memory and/or other suitable electronic data storage. 

FIG. 9 is an illustrative block diagram of a high de?nition 
television (HDTB) 900 that includes performance monitor 
circuitry in accordance With an embodiment of the inven 
tion. Performance monitor circuitry may be implemented in 
either or both signal processing and/or control circuits, 922, 
a WLAN interface 929, mass data storage 927 and/or a 
poWer supply 923. The HDTV 900 receives HDTV input 
signals in either a Wired or Wireless format and generates 
HDTV output signals for a display 926. In some implemen 
tations, signal processing circuit and/or control circuit 900 
and/or other circuits (not shoWn) of the HDTV 900 may 
process data, perform coding and/or encryption, perform 
calculations, format data and/or perform any other type of 
HDTV processing that may be required. 
The HDTV 900 may communicate With mass data storage 

927 that stores data in a nonvolatile manner such as optical 
and/or magnetic storage devices. At least one HDD may 
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have the con?guration shown in FIG. 5 and/or at least one 
DVD may have the con?guration shoWn in FIG. 8. The 
HDD may be a mini HDD that includes one or more platters 
having a diameter that is smaller than approximately 1.8". 
The HDTV 900 may be connected to memory 928 such as 
RAM, ROM, loW latency nonvolatile memory such as ?ash 
memory and/or other suitable electronic data storage. The 
HDTV 900 also may support connections With a WLAN via 
a WLAN netWork interface 929. 

FIG. 10 is an illustrative block diagram of a vehicle 1000 
including control systems that include poWer monitor cir 
cuitry in accordance With an embodiment of the invention. 
In some implementations a poWertrain control system 1032 
receives inputs from one or more sensors 1036 such as 

temperature sensors, pressure sensors, rotational sensors, 
air?oW sensors and/or any other suitable sensors and/or that 
generates one or more output control signals such as engine 
operating parameters, transmission operating parameters, 
and/or other control signals. 

Other control systems 1040 of the vehicle 1000 may 
likeWise receive signals from input sensors 1042 and/or 
output control signals to one or more output devices 1044. 
In some implementations, the control system 1040 may be 
part of an anti-lock braking system (ABS), a navigation 
system, a telematics system, a vehicle telematics system, a 
lane departure system, an adaptive cruise control system, a 
vehicle entertainment system such as a stereo, DVD, com 
pact disc and the like. Still other implementations are 
contemplated. 

The poWertrain control system 1032 may communicate 
With mass data storage 1046 that stores data in a nonvolatile 
manner. The mass data storage 1046 may include optical 
and/or magnetic storage devices for example hard disk 
drives HDD and/or DVDs. At least one HDD may have the 
con?guration shoWn in FIG. 5 and/ or at least one DVD may 
have the con?guration shoWn in FIG. 8. The HDD may be 
a mini HDD that includes one or more platters having a 
diameter that is smaller than approximately 1.8". The poW 
ertrain control system 1032 may be connected to memory 
1047 such as RAM, ROM, loW latency nonvolatile memory 
such as ?ash memory and/or other suitable electronic data 
storage. The poWertrain control system 1032 also may 
support connections With a WLAN via a WLAN netWork 
interface 1048. The control system 1040 may also include 
mass data storage, memory and/or a WLAN interface (all 
not shoWn). 

FIG. 11 is an illustrative block diagram of a set top box 
1100 that includes performance monitor circuitry in accor 
dance With an embodiment of the invention. Performance 
monitor circuitry may be implemented in either or both 
signal processing and/or control circuits 1184, a WLAN 
interface 1196, mass data storage 1190 and/or a poWer 
supply 1183. The set top box 1100 receives signals from a 
source 1181 such as a broadband source and outputs stan 
dard and/or high de?nition audio/video signals suitable for 
a display 1188 such as a television and/or monitor and/or 
other video and/or audio output devices. The signal process 
ing and/or control circuits 1184 and/or other circuits (not 
shoWn) of the set top box 1100 may process data, perform 
coding and/or encryption, perform calculations, format data 
and/or perform any other set top box function. 

The set top box 1100 may communicate With mass data 
storage 1190 that stores data in a nonvolatile manner. The 
mass data storage 1190 may include optical and/or magnetic 
storage devices for example hard disk drives HDD and/or 
DVDs. At least one HDD may have the con?guration shoWn 
in FIG. 5 and/or at least one DVD may have the con?gu 
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12 
ration shoWn in FIG. 8. The HDD may be a mini HDD that 
includes one or more platters having a diameter that is 
smaller than approximately 1.8". The set top box 1100 may 
be connected to memory 1194 such as RAM, ROM, loW 
latency nonvolatile memory such as ?ash memory and/or 
other suitable electronic data storage. The set top box 1100 
also may support connections With a WLAN via a WLAN 
netWork interface 1196. 

While the invention is described herein With reference to 
various illustrative features, aspects and embodiments, it 
Will be appreciated that the invention is susceptible of 
variations, modi?cations and other embodiments, other than 
those speci?cally shoWn and described. For example, 
although signal processing and/or control circuitry embodi 
ments of the invention have been described for use in disk 
drives, cell phones and media players, it Will be appreciated 
that circuitry in accordance With the invention may be 
included in other systems such as set top box on HDTV. 
Moreover, for example, an inverted scale relative speed 
metric (i.e., Speed:S corresponds to Worst PVT comer 
performance, and Speed:0 corresponds to best PVT comer 
performance) can be employed in accordance With an 
embodiment of the invention, by loading into the system 
counter 16 an initial value having a negative value (S/(TF— 
T S))T F, and counting upWard. In one embodiment, the count 
Would Wrap around the system counter, and this initial value 
is expected to be (S/(TS—TF))TF—1 beloW a maximal value 
the counter can reach before Wrapping around. The inven 
tion is therefore to be broadly interpreted and construed as 
including all such alternative variations, modi?cations and 
other embodiments Within its spirit and scope as hereinafter 
claimed. 

The invention claimed is: 
1. An integrated circuit comprising: 
a ?rst counter; 
a second counter; 
a variable oscillator that has an oscillation time period that 

varies Within an expected range With variations in one 
or more of process, voltage or temperature; 

Wherein the variable oscillator provides a signal that 
causes a count of the ?rst counter to change at rate 
proportional to an oscillation frequency of the variable 
oscillator; 

Wherein the second counter is operable to receive a 
reference clock signal that has an oscillation time 
period that substantially does not vary With variations 
in one or more of process, time or voltage and that 
causes a count of the second counter to change at a rate 
proportional to an oscillation frequency of the received 
clock signal; and 

Wherein the ?rst counter is operable to count a reference 
count interval; 

Wherein the second counter is operable to count beginning 
from a start value While the ?rst counter counts the 
reference count interval; 

Wherein the start value and the reference count interval 
are selected so that a count value produced by the 
second counter produces a value indicative of variable 
oscillator speed at or about the moment When the count 
of the ?rst counter ?nishes counting the reference count 
interval; and further including, 

a circuit operable to determine When the ?rst counter has 
counted the reference count interval. 

2. The circuit of claim 1, 
Wherein start value is indicative of a product of variable 

oscillator time period at or about one end of the variable 
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oscillator time period range, a scaling factor and a 
reciprocal of a variable oscillator oscillation time 
period range. 

3. The circuit of claim 1, 
Wherein the reference count interval has a value indicative 

of a product of clock period of the received clock 
signal, the scaling factor and the reciprocal of a variable 
oscillator oscillation time period range. 

4. The circuit of claim 1, 
Wherein start value is indicative of a product of variable 

oscillator time period at or about one end of the variable 
oscillator time period range, a scaling factor and a 
reciprocal of a variable oscillator oscillation time 
period range; and 

Wherein the reference count interval has a value indicative 
of a product of clock period of the received clock 
signal, the scaling factor and the reciprocal of a variable 
oscillator oscillation time period range. 

5. The circuit of claim 1, 
Wherein the variable oscillator includes a ring oscillator 

circuit. 
6. The circuit of claim 1, 
Wherein the circuit operable to determine When the ?rst 

counter has counted the reference count interval com 
prises a comparator circuit. 

7. The circuit of claim 1, further including: 
a control circuit operable to preset a count of the second 

counter to the start value. 

8. The circuit of claim 1, further including: 
a control circuit; 
Wherein the control circuit is operable to preset a count of 

the second counter to the start value; and 
Wherein the control circuit is operable to cause the second 

counter to stop counting at or about the count it has 
reached When the ?rst counter ?nishes counting the 
reference count interval. 

9. The circuit of claim 1 further including: 
an output circuit operable to output a value indicative of 

a count value reached by the second counter at about 
the moment the ?rst counter ?nishes counting the 
reference count interval. 

10. The circuit of claim 1 further including: 
an output circuit operable to provide an output value 

indicative of a count value produced by the second 
counter; and 

a control circuit; 
Wherein the control circuit is operable to preset a count of 

the second counter to the start value; and 
Wherein the control circuit is operable to cause the second 

counter to stop counting at or about the moment When 
the ?rst counter has ?nished counting the count inter 
val; and 

Wherein the control circuit is operable to cause the output 
circuit to provide an output value indicative of a count 
value produced by the second counter at about the 
moment When ?rst counter ?nishes counting the count 
interval. 

11. The circuit of claim 1, 
Wherein the received clock signal is a system clock signal. 
12. The circuit of claim 1, 
Wherein the variable oscillator is provides a signal that 

causes a count of the ?rst counter to change at an 
oscillation frequency of the variable oscillator. 

13. The circuit of claim 1, 
Wherein the received clock signal is a system clock signal; 

and 
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Wherein the variable oscillator provides a signal that 

causes a count of the ?rst counter to change at an 
oscillation frequency of the variable oscillator. 

14. The circuit of claim 1, 
Wherein the second counter is operable to count doWn 

Ward from the start value. 
15. The circuit of claim 1, 
Wherein the second counter is operable to count upWard 

from the start value. 
16. The circuit of claim 1, 
Wherein the start value is approximately (S/TS—TF)TS. 
17. The circuit of claim 1, 
Wherein the start value is approximately (S/TS—TF)TF. 
18. The circuit of claim 1, 
Wherein the reference count interval spans a count of 

approximately (8/ T S-T F)Tcyde. 
19. An integrated circuit comprising: 
a ?rst counter; 
a second counter; and 
a reference ring oscillator provides a signal that causes a 

count of the ?rst counter to change at rate proportional 
to an oscillation frequency of the variable oscillator; 

Wherein the second counter is operable to receive a clock 
signal that has a frequency that substantially does not 
vary With variations in one or more of process, time or 
voltage and that causes a count of the second counter to 
change at rate proportional to an oscillation frequency 
of the received clock signal; and 

Wherein the second counter is operable to start a count 
from a start value indicative of a product of variable 
oscillator time period at or about one end of the variable 
oscillator time period range, a scaling factor and a 
reciprocal of a variable oscillator oscillation time 
period range; and further including, 

a comparator operable to determine When the ?rst counter 
has counted a reference count interval, Wherein the 
reference count interval has a value indicative of a 
product of clock period of the received clock signal, the 
scaling factor and the reciprocal of a variable oscillator 
oscillation time period range; 

an output circuit operable to provide an output value 
indicative of a count value produced by the second 
counter; and 

a control circuit; 
Wherein the control circuit is operable to preset a count of 

the second counter to the start value; and 
Wherein the control circuit is operable to cause the second 

counter to stop counting at or about the moment When 
the ?rst counter has ?nished counting the count inter 
val; and 

Wherein the control circuit is operable to cause the output 
circuit to provide an output value indicative of a count 
value produced by the second counter at about the 
moment When ?rst counter ?nishes counting the count 
interval. 

20. A method of monitoring performance of an integrated 
circuit, the method comprising: 

using a variable oscillator that has an oscillation time 
period that varies Within an expected range With varia 
tions in one or more of process, voltage or temperature 
to provide a signal that causes a count of a ?rst counter 
to count a reference count interval at a rate proportional 
to an oscillation frequency of the variable oscillator; 

using a clock source that has a frequency that substan 
tially does not vary With variations in one or more of 
process, time or voltage to cause a count of a second 
counter to change, starting at a start value, at rate 
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proportional to an oscillation frequency of the clock 
source, While the variable oscillator causes the ?rst 
counter to count; 

Wherein the start value and the reference count interval 
are selected so that a count value produced by the 
second counter produces a value indicative of variable 
oscillator speed at or about the moment When the count 
of the ?rst counter ?nishes counting the reference count 
interval; and 

determining When the ?rst counter has counted a refer 
ence count interval. 

21. The method of claim 20, 
Wherein the start value is indicative of a product of 

variable oscillator time period at or about one end of the 
variable oscillator time period range, a scaling factor 
and a reciprocal of the variable oscillator oscillation 
time period range. 

22. The method of claim 20, 
Wherein the reference count interval has a value indicative 

of a product of clock period of the received clock 
signal, a scaling factor and a reciprocal of the variable 
oscillator oscillation time period range. 

23. The method of claim 20, 
Wherein the start value is indicative of a product of 

variable oscillator time period at or about one end of the 
variable oscillator time period range, a scaling factor 
and a reciprocal of the variable oscillator oscillation 
time period range; and 

Wherein the reference count interval has a value indicative 
of a product of clock period of the received clock 
signal, a scaling factor and a reciprocal of the variable 
oscillator oscillation time period range. 

24. The method of claim 20, 
Wherein the clock source is a system clock signal. 
25. The method of claim 20, 
Wherein the clock source is a system clock signal; and 
Wherein the count of the second counter changes at an 

oscillation rate of the system clock. 
26. The method of claim 20, 
Wherein the count of the ?rst counter changes at an 

oscillation frequency of the variable oscillator. 
27. The method of claim 20, 
Wherein the clock source is a system clock signal; 
Wherein the count of the second counter changes at an 

oscillation rate of the system clock; and 
Wherein the count of the ?rst counter changes at an 

oscillation frequency of the variable oscillator. 
28. The method of claim 20, 
Wherein the start value is approximately (S/TS—TF)TS. 
29. The method of claim 20, 
Wherein the start value is approximately (S/TS—TF)TF. 
30. The method of claim 20, 
Wherein the reference count interval spans a count of 

approximately (S/TS— F)Tcyde. 
31. An integrated circuit comprising: 
?rst means for counting; 
second means for counting; 
reference means for producing a reference oscillation 

signal that has a reference oscillation time period that 
varies Within an expected range With variations in one 
or more of process, voltage or temperature; 
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Wherein the reference means causes the ?rst means to 

count in response to the reference oscillation signal; 
clock signal receiving means for receiving a clock signal 

that has an oscillation time period that substantially 
does not vary With variations in one or more of process, 
voltage or temperature; 

Wherein the clock signal receiving means causes the 
second means to count, starting from a start count 
value, in response to the clock signal; and further 
including, 

control means, 
for setting the start count value of the second means for 

counting, 
for causing the second means for counting to start to count 

at or about the moment When the ?rst means for 
counting starts to count the reference count interval, 
and 

for causing the second means for counting to stop count 
ing at or about the moment When the ?rst counter 
?nishes counting a reference count interval. 

32. The circuit of claim 31, 
Wherein the start value is indicative of a product of 

variable oscillator time period at or about one end of the 
variable oscillator time period range, a scaling factor 
and a reciprocal of the variable oscillator oscillation 
time period range. 

33. The circuit of claim 31, 
Wherein the reference count interval has a value indicative 

of a product of clock period of the received clock 
signal, a scaling factor and a reciprocal of the variable 
oscillator oscillation time period range. 

34. The circuit of claim 31, 
Wherein the start value is indicative of a product of 

variable oscillator time period at or about one end of the 
variable oscillator time period range, a scaling factor 
and a reciprocal of the variable oscillator oscillation 
time period range; and 

Wherein the reference count interval has a value indicative 
of a product of clock period of the received clock 
signal, a scaling factor and a reciprocal of the variable 
oscillator oscillation time period range. 

35. The circuit of claim 31, further including: 
means for outputting a speed signal having a value 

indicative of a count value produced by the second 
means for counting at about the moment When ?rst 
counter ?nishes counting the count interval. 

36. The circuit of claim 31 further including: 
means for determining When the ?rst counter ?nishes 

counting a reference count interval. 

37. The circuit of claim 31, 
Wherein the start value is approximately (S/TS—TF)TS. 
38. The circuit of claim 31, 
Wherein the start value is approximately (S/TS—TF)TF. 
39. The circuit of claim 31, 
Wherein the reference count interval spans a count of 

approximately (S/TS~TF)T cycle ' 




